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^JLc ojjLdJI 4_JjJiXI A j f H jJ ) jJjj^aJI J_lAGJ ^*< ^ t, ) c—cJjJuJlj (jyl^J) ^-lUTlU 4_4LjlJI A.ujulm\X 1 ^JU_uJ 

* ** 

^jjju J-l^jJ : ^g j^JTlI I aJlSjJI 4l^-r *j£1 £— LaJu9 jIj^^IL-u jI J^i ^j-a (jL$->Vlj ^JulJu ?cJL_uJLi 4jLuI/ Ijfi lt^~3 

.LftLluo w2ltl JjjJI ci>Ua JUj Jjl 

4_aJl2IlII 4_l!jJl!i c_JjL?tjJi *_a (j dJJ i_uL>ij| Sj-LaS* tl-ALlIi j>Jj-kajj rt j g i ^II! 4-rtL»Jl 3jiJ21 dlaj>. S£j 

*JJ^"V II <Ji*J L^jJI 4-ulajJI 4-ii^.U j^jLjlII jIjlcI pjj-Lu-<a I|_ 3 j La ^ II 0JL& CcITl^j Ju9j 4 4jLJLtaILo (jrJ^lJ 
<3j-<-" JIL^J i_u^aj^aj>ij (jL>«J uJt^~~^ '"" (jr^ W^^ ^r J^*^' J-^Iuu j| 4 4_ujjJuJI T^olj^JI £.Lu ^_ 4_u_uL_uJi 
^gjJI ^^^JUjtJl £-^!j-!! £-* 4-L^.UJI AjJjJI J^ljItJ ^tP" 1 ^ cP"^ VdJ^^J cP^' (^rA^-^ i*L*JI 4-L(jLt-uJ-llj J-4Jt]| 

ji^=3i ^-tjjju s^Lj^jj 4JLcL^=3lLc 3j ka Ij AjL^JjI ^_ ^jLscJul ^JlA ?^jj5tjj cj-^^ul (JiJ-^-" ^- J ' A ^-^J^ 

** ^ 

.i_u_uL_u J I 4jl_JLLaILc ^i2j>iJ ^_ 4_jjlsIj jIL^sIj i J-^jl]| ^j-j-oJ LSLl^jJI 
^j^ t^aJtlLlI I JlJ 4_aj^UI CjIjL^JLI C-jL-uI^sI i-L^t^s ^JjLuj AJ^p^ CjLcj-iiDj^c 4_u_£jJI 

1 

j^C 4i!l (j-* 3 J^oG 4_j_ujJl1JI 4_t_t2j>iJI ^>JlA <-^LjJ^ cJ^ * tiaj ^j^J tl-ALlII j^Jjlajj pjo L^ajJ 4_aul!I 3jl J Vlj 

.oljl^JLl ^ju4> l->LuI^I ^LJUii ^uiju ^1 Jl^^Vlj oL^klJlj ^uUl^VLj 
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^l-ALuLI j^ij-Lajj ^ M' ^ J 4_4UljI Sjl J 2(1 
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4-JjJsjj . (i-uL^jJl 3jlJ2l 4_cj-3^a~ ^jJl_l!i CjLcj^^-uJi ^jJlJLl^ - ^iajLSJi) <Laj_kaJJll ^Ij^l ^J-^luJ CjiJl^j 



'0^ J^J-*^ 






u-a 



<3J- 



Ji ( iS> C. lAjCJ-U * L-U3 



0JL-&J 










w 



it LU 







■&lQlaJI LUjlillQ i&ilUI pilnlll iinlnll riiiiiiiq oll 



^ - 3)d£)l J2j 



^>Ui 





\^*i)' 



^^ 



LaU^ ■J**" 







.L^JU-c i^j^isj ^jiijL^JI ic.j-4^c ^in < ^^jtUJI :3jtJLfcJt 



:£U*Vl 



: ^^1^. IjjlS c_jjJuII (jj^j BJl^jJI oJufc JU^zsj JlI^. 



1 ^J ^ idJj^J L>^ *"^ ' ck L ^- L ^ Cj^Ll^ jJ 4 rt H V 1 1 p I JJ J I 4-Lfl.LUJ - ' 



ZAo 3 , , „ h SjIju>JI tf jui oL^l Jl mjjuJII J^ u' tyjIWUlAltfjL** 



iLLA :LU)0lll£2>ttlCa^ 






4-Laj uajJI 4_LtJ3UjJ) JjL_uJLi J^ Ct^- ^J^J' _ 



- ^ - 
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«r ♦ «r 






. CJLCJ-LuJI 



- % jijUJI Aa^^uLj^SU ^- ^ 



( J^nAt|2-^ Ll^: AjJIUI elj^Vl^^Lill iiLj-^^o^^ 



u 



4^|jL>JI "' 



( Clutch ) l£J1^"OM ^^S 

( ^aJL^Jl r 1 ^^J ' kii Jail (^£>jj9 ) ' Lai LgaJI ^^>j^ 4_Cj-$j?trt 

( Release Bearing ) ^A2l\ 4_^t^ 



. ( Release Fork ) j^jj^d!! k^=s^A 



-i 






4ow j\ tAu** 

^1511 jj j^j i^. 




45* qjuj 



iiliaJI 






4QW j\ iAy* 



.^y^Ji2}\ ic.J^J?t4 Cjuj^auo ( ) ) J^"" 1 Ld 



- r - 



*k*i ♦♦ 













iLcj^_aJI ^jjlLl^ ^Jl dJj^>JLl {yz LJL2jjI *uj ll!j^>JLI ^c 3jJjJLI i^LLsJI ^jl_3 ^ji^jLSJI ( j t llu.*.j ju^. 



.0Uji 7S-L& 0.4 Ojfc 1 ^^— ' 



J^2J| -*>*£- 



cdl^-PM ^^S 



■LaJu-sajl <_)-£>Jj9 ^ 



q^-}[21\ g.lUr 




U^=^ 



: Flyweel £a)ju>Jt - ^ 

if 











1 1 sjJBr * 


-IB 

An 

jwBffl - ■•-■■■■«- •■=^jH^P*m 








^y^^W^— IWuri^n;.- ' i iMm fi^^i&S^g^t: ts «!Li :Pa''^|l 




JPJk^l ku| ifii 


Ku , . jfifBKajjl 


»y ^kb ^k ^B Hr^^^ 


^^si 3 -^fiS"-« "5siis« 




.. rnsl^ ^mm^MmBM^ 




wm^£ '^VAVAI 




^^H 








K 






B^ *^B wW^^^^fj' ' : '^'> '"- -t^^ti ii->'\f' 








^ 




K .'■■." *^ 




-a 

ij 




k\ J A 


111;:. 








^.feS^^BMr^^BK^ 


"^^fe^^^w 








^w^B ^- 


'^» ; ? ; ;«^ 


d^^ ^B Bi^BP^B ^^^M^' — 


y 


h^W^^^^BI Ibb^^^P^ 1 :'" 


^^ 


^^^PfRMjU^HB 





i^|jL5tlJ pllaS 3jja^> (Y) J^=3ui 



- r - 
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: ( Clutch ) Ldl^"OM ^^S - Y 

c4-£|Jl>iJi JLc ljJL^3lL>»VI ^^^jJs LLaJLtiaJ daJuJaJl ^-^>j^ ajJLj CjlCj^^-uJi JSijJlll^ ^_ ojjuill -ij-3-C *_a 



2_ 3jJl£]| -*>*-£• <Jt 4-sIjlxJI ^j-a (jljJJ^I ^ =3 J J> - iS^i r^J^ 4-sIjlxJI *-<a illl^-M^yi l>^J^ JJ^ LaJu£.j 











tiiig-i-^vi a ^» > 2 (r ) j^, 5 :, 



J I ^j-4jL5cJJi £)_4 Auij^j j^laL_u-^j 4-jlla-iJI oJJt C-t_uJj . 4-jJLc <Lx^3 L^nlo* I 4-^_l3 *-4 J^zsLlO 3j^(_L^3 <L<3jlJLaj 

( Cupped ) ^jjCla L^IjIs! ( Splits ) 3j-£Aj Jl*j c-JL^II ^jJill <jL^ J-lJIlClJI 4-ajju 2j>L)Jj 

Coil Springs) ^LuljSlI oLL ^Iju^uLj Bj^lUI *ju* ^k. cJL^lJI ^^^1 Jl^ < sL^i *IjjJVI j! ^iutl] 

. ajjlJI J-Sj ijjj-A ^4^ J-^ju dxSjJI (j-aAj 4_j ^IjlJVI I Jufc ^^1 t^LcV iiu_u^^3 (Tensional 



_ i _ 



V»i «♦ 







w 

J^ 



r ^ ^ 



^-3jj£ll J2j 
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liJ1^,^VI ^uLLj iiAj] (£ ) J^ui 



3jj-l^j (JiJJJlSi ^j-A {j^zz^uj} L0L3J 4-JJJJ-4 QJ^~"»" (j! JuV dJJjJ dJj.j^JLl JjJ^Jj 4-3IJl>Ji ( J7 ^ ciaJuJaJl ^-£>jj3 
( Clutch ) LilL^nlo* 2t I ijLLaj ^yuLjuLa ^j u-dJu LujJij ^j J^3lJJ j^jJ 1 JuJl>Ji ^ya daJuJaJi ^)-^>j^ * ' i ^ J^ . SjLl^ 



J_& 1 ^^-» £.LL>iJj| i^jLltj i_UjL>iJj ^£jilll J_$J5fcjJ 4jLL<3J 4_l3L^3 4^3Lfl.mJ ^jj^ajj A£.UJ ^J-oLoI VU^JLM jJj 



. ^tl^"^VL i^LUI Bjlj^JI JuJlu ^ 3jJl2JI 4J 03^=^ (jl V^^ ^Uj^dj ( ) JgauSJL 




-LaJuJaJI l>^J^ (^) J^"" 1 cSj 



_ _ 



V»i «♦ 






w 

J^ 



r ^ ^ 



^-3jj£ll J2j 
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ijr Lc J-^ju (^-!'J ^^ <LaJ^^LLa\\ ^jiaJljJJi pjj c_cl(jl>. lJiJLl^jj oJJjlLo (JL^aulJ 4_Ls ^iajLSJi r ' ^^ Lol 







^^ O^L*^ J^J *A)J O^L*^ L>^^ *U^ ( ^ ) J^ 3 -^ 






.((^-Jj-S (jiaju CjiJ pj-v (Jj * I pJ-^W ijjLSJLu 1 ^lc ^jL_uI(Jlj pJJ-^ daJuJaJl ^-^>j^ (j^lc daJuJaJi Q^ 



^=L 



.ji^l gyJL ^jLla iLlS <j_^^ *l>».Vl JJL£. 



- ^ - 
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J^ 



r ^ ^ 



^-3jj£ll J2j 
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Plate position at disc wear limit 

Normal position 

Maximum release position 




Normal pressure 



Movement of pressure plate 



Diaphragm spring type 



Coil spring type 



4_lLC cla-i Jail jl JuLaj LkaJuJaJl ^Idj^ i^Djj>* ^U 4j9^L*JI ( jr Lse-La (V) J^"" 1 u 



^pDj^ icj-^?c^ ^j-a (J^-CjJjI (J^a ' 4-lLc. ' LaJt Jail j I JiiLaj ' LaJt Jail ^Idj^ 4^=3jj>* (j\j 4j9^L*jI tc-lc^jIuj 
CjIJ daJuJaJI ^-^S 4_Cj_$j?ej<3 ^-<Cll<jlJ ) daj>Jl JIL^J (^jj>o (V) J ^— » (o< J I j ^_ ^^LuJi ^-*-ujJu (J-UlL-uJ . LJaJLtia 

. i_uJjJL!i ^jiaJijJJi CjiJ cla-i Jail ^)-^>j^ icj-^?c^ * La Sj [ I daj>JI JIL^J L^JLu 4_jj9jjJI (jiajljjJI 

4I^dj^. tjUa (Normal Position) ^jUJI *^i^]| 4- 'k + <MI g^j^ ^^^ ( Po ) <U+<MI g^*j Laju^ 

^j^i J^dG jl^j . JS? o^j ^LiJI ^ljj> ^ ,U;,^H L^Li^j ^1 3^211 ^tia ^Lilljj ( P2 ? )i Th J^ii! 

o^l^D! ^i ) jjJ^I ^Ul ila^ljj JJjiUI 2jJl2J! ^Us c^^Wi J^ 1 t^ ^ <-£? ^ ^ iJUJI "^ 4- 

•J23 V ( ^j^l 



- V - 
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J^ 



r ^ ^ 



^-3jj£ll J2j 
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: j^-^jJl i^aj-tluj (jAjIJL!) <L»3&3 ~ 1 

£y* i2L>o ULp^l ^L (jL»jJI ^ ^Ulcujj .(A)J^-i mi i^DjAJI jl^ljl JJj j (Ball Bearing) ^L ^Uj 

*» --• » 



J^ A\ i^J^- L -^^- 



<JLAjj£ jj-^-^ ■" 



(J^^ *<1 



>>-=* 




•^d> 



SC-l 



r- jLkil xiJill (J-ft^ ^ 



d 



l^. 



j 1 ""^ 



L> 



UOJ 



iliil 4£j^j 




ij tli J ^jiajLSJl 4<i^^ (A) J^"" 1 uj 






u 



. ( \ ) J^aullb Ui^ J^Atl LlL<ui ^J c^^LjJ I'tl^wVl (> op> J>^ ^1^1 




.^ajLdJI 4 <a^r^ 4_ojIoj (^) (J^a '"" 



- A - 



*k*i ♦♦ 
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♦ An 



$ jijuJi jdtifij r- > 



: ^Ju La CjJl>iJ ^iajLSJi 4_<_uljJ (^C- ^jLl^JI Jiic : Jj-^AJI i_JU-C. 



.J^JLl^JI l>^J^ *fr (Jl^^l *-jL^>! j! pjM (Jt *-3Jl!I J-^sta ^jiijl-^il j^Jj^o i^=3j_i *-3Ju- ^ 



.?7jLiejJ *-3Jul J^jstaj q^A2j\ A^=3^uu jjj5cI(J - ' 
* V 



LP* 






•♦«» o 



(j-*ajU]| cJj^^J 



(jlajllj) (Jj^aS 



Ail^Jl 



C^J^L^L 



(_pajta]| ^.UaCr 




AilUI 



O^^ J^J^ g^ 



j-»* > >■»" /_^a )5 







.^)iajLSJl ^J-Lt-LUJ ( ) * ) J^"" 1 r " 



- H - 



*k*i ♦♦ 
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♦ A*» ♦♦ 



^J>1> 



2C-L 



: jiJUll JdLteJ u%^j T- \ 






4jjjI oAil f\a /j 1 i- 3 ' (3^^ 



jljj] J_^C 



J^ £ ! J J 




.^)iajLSJl ^J-JLuuJ 4-j^a-ijL^a-i^ 4_Ll^j ( M ) J^a-tli 



: cdJLJl oli U^l ( Y 

.( ) Y) ^jSj J^"" 1 uJu (J^-la j_& I g^a c ( (Jj_t_t^a )dJLL_o 4 La t u\^J <J-d-u ^iajL2JI Cj^Ll^jj 4_<_uijJ ^j_a i^aj^jKJl 



_ s 



» _ 



V»i «♦ 
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J^ 



r i i 



^-SjJiaII J2j 
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FRONT OF VEHICLE 



CABLE WASHERS 



CLUTCH PEDAL 
LINKAGE 



CA8LE 
BALL END 



PEDAL SUPPORT 




ADJUSTING NUT 



LOCK NUT 



ciULaJI cjli ^Lill J^Juij iJL^j ( ^ Y) J^uUI 



: Sj^-ijtjjjL^JI JJLsjJt ( V 






^.LiLfjJ 



(j^_u3 j-& 1 3^3 cj^olj^iijl ^J-Lt-LuJ ALkaJj JjL^_4 ALkaJjl IJl&j ^iajLSjl 4^sj_tl/j ^J-Lt-LuTu I pljju 4jLl^j_4 

■ Of) J*=n A Uj 



Mesler cylinder 



Pipe 




Hose 



Return spring 



.^y^j[2}\ j^JLXjuUJ 4_L^3l_l!jjJllA 4_Ll^J ( ) T) (J^3LuIi 



_ n _ 



*k*i ♦♦ 









uL&jAjUi£jZA 




Cj|j-L^ J I (J-^J .^)iajL^j| 4-Cj-4^C ^J-Lt-LuTu *-3Jul J^JStrt LiJjJ5tJJ ^)iajL^Jj J^JJ5tJj| 4-^3J_tI/J ^J-Lt-LuTu I 



^iajLalj 4_u_a_ujJl 4-j| 9-La < o VI 




^iajLaij j^JjL5eI(J! 4 j|j-La < ol 




,-1 UAj *_3Jl11 3^-" ~ 
(^jjG ft Lai: - 



E 



J 






clLo.oUL 



" L=3 ^ 



E 



O^ 



- _4 






j 

* 






- U - 



*k*i ♦♦ 









uLSjajuLSjftA 




: jaJL2ll^«fjJJ^fe)ljl^Ul t- 1 



i rt fcn *(C ck^*^ (Ji TTJ^^] ^Jl!I J-^jstaj (jlH^-VI *jL^>1 jl f-jM c^-J 4_<_uljJti] j^>*JI j I j.lu.1 I r-L 



_(j>ij 



(jujua^Lj £)| J_lS 3j^Lt-co i^L-ijuc dJjj5tIij (^j-!i ^iajLSJi 4_<_uljJ dJu^o J^jj^Ls ^c ^)^>jJL>iJi (JojLjjS (j-^3 3 *J 



( ^ Q ) p^J J^""^ uJlJ (J^-LA jJt \ 4 ^—* C A-LjuX J I JuLrt CJIjLl 



j-a 






4juj| jAi] ■V^j' 










V - 



L> ^[2i\ 4_<_JjJl! j^>J| jljAU 0) ^9j J^=ui 



- )T - 



*k*i ♦♦ 
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- : Transmitted Torque JjSUI ajjlJI ulu> ( \ 

. oLLlI j:j3 - Y 



JpL-uJI 3jJu9j c-ct-uLuJ L^j *-3ljJiJl jlJuLcj CjuLlSi claJLtia JJustjj iJl!j < j-4 



^ 



£>? Li^jJa lipa 



springsof Pressure force 
Friction force 



Friction Coefficient 



Outer Radius of friction disc 



Inner Radius of friction disc 



Middle Radius of friction disc 



Number of friction surfaces 



Transmitted Torque 



Fn 



(N) 






Fr (N) iiLUJ! <J*^u> J^. ^JI^-m^VI SjS 
|JU ,/H^-^Vl j^^ 



Ro 


(m) 


RiC 


(m) 


RmL 


(m) 


?T 





TcC (N.m) 






Tc = Fr . Rm . Z fN . m J 



( Tc ) ^ i [2M JjaUI ^jjJI o^ 



Fr = Fn. \X fNJ 
Rm = (Ro-Ri) +2 



[Ml 



Tc=Fn.ju. (Ro-Ri)fN.MJ 



(N.m) 



. St . 



*k*i ♦♦ 









uLSjajuLSjftA 




- : 0)Jli* 

do = 180 mmj di = 125 mm < 0.3 = (|i) illl^al^VI J^U^ < L^i* Ji= u^H ^ * * ^ o^L^ ^ 

. (Fr)c£ll^"^VISj5 (I 

. ( Rm ) j U^ti ( ^ i^ \ i u t ,<j~ ^ (c_j 

. ( Tc ) J^U! f >J! (^ 



(i 



Fr = Fn.M 

Fn = (6) x ( 600)= 3600 N 

Fr = ( 3600 )( 0.3) = 1080 n 



Rm = ( Ro + Ri ) 0-. 
Rm = 0.076 ml—l 



(. 



Tc = Fr . Rm . Z 

= (1080) (0.076) (2) 

= 164 Km 



(r. 



£ 



Z — 2 ( (jL^vj 4J jj-iA o*=>j^ ) 



- ^o - 



*k*i ♦♦ 
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( Ps ) ^)iijL2JI »^ <(l ^j^. J^jLl^JI uLlu> ( Y 



Surface Pressure 


Ps 


,j>»U£tl *U/ (( 1^ <t^i/>sll 


Friction Area 


Af 


.'tl^-,wVI 2^.1,,,* 


Pressure Force of Spring 


Fn 





Af = Ao-Ai 

A K J 2 

^40 = — #0 

4 

Ai — —di 

4 




(N/ m 2 ) 



L.LJI l^l^o-VI oUajcJl^a lilij^uTVW.Y^^SJI j^.|2_oLLJI 3^ Jiu^ :(Y)Jll* 



do = 200mm j di = 130 mm 



: LJLUI 



S( PS ) (jiaJLdJl VU^jlu (j^ic daJuJaJl C-.cl(jlTw| 



Ps = 



F« 



#". 



•2 



PS = 



3263.2 



^(^-^) 7 4 ((0.2r -(0.13)0 

= 179.863 K Pa 



- U - 



*k*i ♦♦ 









uL&jAjUi£jZA 




"b*y*i\ 



BjJuS JJL dJJji^sj CjLCj^^-uJl ^JijJlJLl^j dJ^JU (j\J 4_^=3j*j>iJ| J < ^ *J Lr^J (jr^ (j-^LdJi 4 "„J " 



i j tlf J LJJL^nlowVI ^3>Sj daJuJaJI ^)-^>j^j ^iajL2Ji r ' ^^J 4-£iJl>JI ^o (jiajLaJl icj-o^ca £j>j^-^' 



u 






: j—ILlII (jajUUu (_jiajLiII jj£. ^j d-LJ, I (»3-*^' L r 1 ' ' "**• > j^~ > 1 ' 



Tc=Fn. ix. (Ro-Ri) IN. Ml 



(N.m) 



: ^JuJI ^jjjLSJlj ( Ps ) ^jiajLSJl yU^-uu (j^ic cIsjLl^Ji uLlu> ^j^zauc-i 




(N/ m 2 ) 



- W - 







^n~ 



^!3Jb->n^ftjj)UJ 



♦♦ j* < ♦♦ ♦ 



(\)^^jbjLafl 






:*JtiJlciljL*JI^L»?(x) j?(0 ^Mc^ /^ 

.( ) 0jjj5cIl! daJuJaJI lP^J^ icj-^?t4 2_ 4 ^~^J >» 1 1 fj^i f-^-i Cr^" (J-^^iM 4-$j?t3 <J-$JU .V 

. ( ) g]l*vwVI 



(jiajujl ^LLjioj j^sil /T^joj 



^ajLdJl icj^jstd Cjuj^suo JJlC /V^joj 



^iajUJ) J-^JJ J-t-^ f^J < ^j^> £>"*' ^ ^O" 



4_t^3L_L!j|jjLijJl 4_Ll^jJ| Tj^M f-4 (jiaJLdJl (J-Lt-tTuJ CJ^Ll^J JJlC / ^yj 



^iaJL^Jl 4_<_u|aJu >^JI j 1 9-lu.I> ' A j <a A>j Tc-t-ba /Kqjj 



- U - 



V»i «♦ 









tn 



^-Jjjijl J2j 



uL£jrfjul£jjM 




«-,,,,^l < ( Fn = 2200N ) CjLU! ,Ut,>. SjSj ( |J= 0.32 ) o^\j2l\ jl*V till^-r^VI <>U^ <j^> 'M 

Fr tiil^-.-^Vl SjS 
<jl^ lilis - ^J^ c>M>> ^ (jajUJI 4- J^j£9 ( Fr = 5200N ) ^jLuj ^La 'i- ^l^-.^VI SjS (c_j 

. M = 0.3 tiil^-.-^.VI <>U^ 



t I— LXJS. 



Fn oLLJI «Ut^ 3aS - 



: iJLUI jLuVl L^J c^l^ alx l ^uLlaj (^ 



do = 186 mm di = 124 mm 



Fr = 2100N ^jL^oj ^tl^wl SjS l&tlcj 



r>> 



( Rm ) A-jLLajJI j i^* t a *^ \ ' La < ujj a _ 

( Tc ) j^sjai ^>ji - 




1 




I 



F N = 3500 A/ 



: (_il i aa» i ' 1 1 La ! , I 



T^ 



dJi^za^o. 2 1 7c-La-L^ <L>»LcajQ 



- M - 



*k*i ♦♦ 









uLSjajuLSjftA 




ulii^M* 



- r 



* _ 




w 



it LU 







■&lQlaJI LUjlillQ i&ilUI pilnlll iinlnll riiiiiiiq oll 



^ - 3)d£)l J2j 



^jLa]| cjLcj-4oJI (Jij<-^ 



^ 



\^*i)' 



^^ 



, -AS&>3^ 







.4JUc iSjji^j l£jL*JI CjLcj^JI (JjJlu^ cr^- <-*>*^l :3)tJL*f t 



:£U*Vl 



^_Li2_?C_U! C 



•0°i 



-iluJ L-jLhl>.J CjIcj-loJI (jjjllco 2_ icj^-aJlj f*^*-^ L^4 4j9^L»JI ^.Ic C_3j*JlI<JI " ' 

.p^J J^— ' J^r 4_dJjJ^J CjLcj-l(JI (jjjllco pl^l (jr^- < — ^>*-^ " 



ZAO 4-llujU SjI Jl>Ji 0Jl& (jL^I (Jt c_jjJllII <J-<-^J (J' 



LcUu 1 * :LU)J21l23>aii2^l 









- Y^ - 






J^ 



n \ 




^-3jj£ll J2j 



£21 



^JbJI ulx>yJI 3jJLu4 



Driving Gear julS U-^Jl^I t 0*0 J^lAJL U-^ \<\$t>>*\ *-& ££ZAju* ltj-^j^ (j! Ll^j^ tij 

£ru <U*<MI SjS (jl^ Z2 jlrtUl (joipJI J | Zl juLHI o«pll <>* <*>*^ lP" JL ^*^ Driving gear jl21o j^Mj 

• Up 3 o^' 



Fz = Ml/r 
Fz = M2/R 



Ml =Fz.r 

M2 = Fz . R 



^jl_3 4J^L_uILo ( FZ ) daJuJaJl 0^£ (j| L^J 



M2 = Ml.(R/r) 



Ml/r = M2/R 



J_dJ L^JLu <juj_£pJl 4_u_oJ jIJlS^J jl OjX\ (j-upJl ^J-C- 4-<2£.Ll<2_4 (^ULJ iJlA ^jL£ T £)_4 j^^l^s! R (j! <^_p*J 



. 4l£. 



,j^_u 



.4_u_o^3lC 4j9^M-C 




juila (j-"j^J JljLS (j-fj^ ( ^ W(J^~"» tli 



- rr - 













: ( ^ ) (JU/j^pJ| (2)"V V J^J^'" > " ^ 4-LLUJ <—JLL(jL>. - ^ 

N9 \1 ^ /t i ^upj| (jljJJ 4-Cj*^_u ^Jl Nl JljL2Ji ^j-upJl (j'JJ^ ^-J^-" 4.LmJ L^Lj .j^^^tl i_u_uJ C_3j*JU 



z = 



TV, 



K7 = V2 

*U ^ J ( * '^* ^ j JJ ' ^ fl ^i9l3^' ^-J^-*^' L^J^-"-^ ^J icj^u-uJI £)| <*L*_p*J 

VI = Wl . r 

V2 = W2 .R 



t^^JLuj ( W ) ijjlj-ll icj-cJIj 



W = n.N 



F7 = V2 
Wl .Rl = W2 . R2 
tt.N1 .Rl =n.N2.R2 

N L= R L= d L= . 
N, R, d. 



: (jTj iM j vIo-Sli < * '^** (j I L^J 



d = m . Z 

( (j-uj^JI (j[luu] (j-^LjS 3 jl^j ) ( module ) £y2X\ =m ^-l 



o c l 



Lis 



z = 



m.Z 1 



d-, m.Z* 



:^Sj\^uLi ( / ) /) a j a -»-"tl 4 1 1 » i (jj^~ '"' tilljuj 




ojLUI (j^l oLi^f -iJ^- = Zl 
a5L^I (j^l jllu.? jjl^ = Z2 



jjUII ^jiJI oU) joe = Nl <j^ ^+ 
jliUI (j-jjJI cjUJ jj^ = N2 



. rr. 






J^ 



n \ 




^-3jj£ll J2j 



£21 



: Gear Pitch ( P ) ^^pJI s_^ki. uLo> - Y 

- a-ualia (j-a a^Lcu-U JiUj ^^lII Gear Pitch ( P ) <_><<>lt! «jk-^ JJVjlj ( m ) t j-L2.U uLul-v J ^- t,*j 

^J 4-L4-A1 (J ^^~" l "j ( W ) (J^3 uJu 1 C^=D (jOJjJlll (Jj-ts ^jL-UJ (jP-S'J ^JLUJl (J-<-tiJl < * i g^J I a ^Jl £)-<-uJl 

. Gear Pitch ( P ) <j-u>iJl s^Liw L>a ^l L^J j^aj <j? juV o^ 3 ^1!jl! 4jjL_o2a oUaL-a^ 




Gear Pitch ^j^JI s^lai ( \ V)J^uUI 



P = n . m 



t^jLljl (JjJuLjLj ^j-upJl 3j_Laj>. C-JLl<jl>. ^j^auc^j 



. (jimi = m 



C= 7i . d = P . Z 



^j-upJl 3j>J|Jl!| cli_LStrt — C <*1*_L 
. ^j-upJl 3 J V>~** — P 
. fj[luAl\ JJtiL = Z 



7i . d = P . Z 

7i . d = 7T . m . Z 



d = m . z 



- it - 







J^ 



n \ 



^-3jj£ll J2j 



uLS>a j uLSjJw 



: CjLcj^u-oJI JSijJlu^ 4r vJ^J^^"^^ 4-LLfiJ c-jLujlv ~ V 




.^jLc CjLcj^^-o J^jJlLl^J v ^ 7 ^jt^^> J (3-<-uj ( ^ A ) (J^zzSm 
4_t^J 4-Ul.lrw icj^_uj i-L^Lol d)Lcj^_o ^_JjT ^-L^JU ( ^A ) J^~^ taJu 1 3^3 CjLc.j^_o JS|JJlu^> Lu-bj^ lit 

Jj £i=j^JI M^U Z2 ^j^JI £_* USI j U-uiiiu ^MitUj Zl ^j^l <uk. s^=>* ( in P ut shalt ) b'-^' -l^ 
Z6j Z4 (j-t/jpJ! <uk. ( output shalt )jl jlU j^qjtll U-Lu Z7 j Z5 j Z3 <j-ujpj( 4_ik. y^jJtlj £^3>^' -^J-*^ 

1 st s- , , 



J I ijUljJI icj*^_uJlj Z8 J Z7 ^jj-caJtlu (J ) illJuJl icj^^-aJlj Z6jZ5 (J^-^p-^' (j J u-< »*H ( ^ ) ^-UuJl 



th 



■■u± 



7 7 

_ ^ 2 * ^ 4 

ut Z x Z 3 


! ( 1 ) , tjVl ^j. <" M qs* iA%S\ 2 i i a \ 


— 2 * 6 

.Z AtW r - ^ r - ^ 

L x Z 5 


! ( / ) 2 t \\A\ a^j < <i\\ ,j>» «^-i. s 2 i , ,,\ 


_ ^2 * ^8 

3rJ Zj z 7 


i ( i ) 2~U~t| a^ v , ,<tl ,j>» i*~*. \ 2 i t it \ 


I =1*1 


-. (4- ) 2 • \\j \\ 2^j , ,i\\ ^>s i*~*. \ 2 i , , t \ 



- T* - 







:0)Jli« 

Z3 = 20 Z2 = 40 Zl=25 

Z6 = 35 Z5 = 25Z4=40 

Z8 = 35 Z6 = 30 



Zj Z 3 25 20 



; _ 2 * _ 4 ^" u * 

l ist ~ ~ = ^ ^ =3.2:1 



, = ^*^_ 40*35 
2M " Z, Z 5 " 25 25 ~ 2 ' 24:1 

= Z^*Z JL 40^35 
3rd Z x Z 7 "25 30 ~ L8?:1 
i =1-1 



:(Y)JH 



Mi = 750. (3.2) = 480(N.m) 
M2 = 150 . (2.24) = 336 (Km) 
M3 = 150. (1.87) =280 (Km) 
M4 = 150. ( 1) = 150 (Km) 



. n . 






J^ 



n \ 




^-3jj£ll J2j 



uLS>a j uLSjJw 



:( Rolling Resistance ) j^>JI A-ajLl* 

LlJl^a^Vl elUji^j i^Dj^JI J^ CiljLxjl i^ljjJii! ^Ij^Vl LlJl^,^l ^ iliLUI ^^2JI ^j 

< cJLL_u! ) 4-SjjiaJI 5_t£.^j ^^ <-^>^ l^^'j <Jd>^' 7rUt(ij J^JtJl u^ ( Frictional Slip ) ^VjJVI 

: ( Gradient Resistance ) jIjl>oVI iajlJLc (Y 

. a^sj^jkjI 0L>ij1 ^j o^dlC J-^juj jJuj&JLc j>j-t-co Jiic ^ j ^3 > 1 1 OJJ ^ * ^""M A Cy^ 4^>*jLu1 SjJLjI (j^j 

: ( Air Resistance ) *I^Jt 4-ajL1a (Y 



. L£ 



tf-^j^j 



THIS IS 
KRQUE CONVERSION 



TORQUE MULTIPLIER 
OR CONVERTER 




LARGER GEAR TURNS 
MORE SLOWLY 



MORE TORQUE 



TORQUE CONVERTER 
(GEAR TRAIN} 



INCREASED TORQUE 




•u-jpJl t3dj^ 6^ fi>JI ^Ljj ( Y ♦ ) J 



^A 



LXi 



. jJi^till Jj-t-t^> Ju£. ^j-«il ^Ljj ( ^ ) (J 



^Jl 



LXi 






. ^Jj^LaJI Cjujjl-lo 4_ajL^ 4_l^3jJLI JlcL_uJ - ' 
( 4_uiL>J1 icj^_JI ) ^ , tt ^.\\ ^>L>^VI 4-j-llJI <-uL^a q| -^ 

- rv - 






J^ 



n \ 




^-3jj£ll J2j 



£21 



<4£.u l^jLu_oI Te-La-oul ^jj^3uJ 3j>jj>JI (j^Lc JuJl>Ji ^y3 ^^-^ <—> L^J*-*-"-! ' (JJ jllco ^yujjS * It * gaj 



.(Y^)J^ui o^c^JIL^Ll^! 




. 4J_i L<3 ^j Lu-u l_J >^- 1 9 4_^_LdIu_u_/<3 ^j UlxjU L) /j-a ivJ ( Ti ) J^"""** LU 



: ( Spur gear ) ^U-l21c^ ^jLl^L <j-a£p _ ^ 



W-i 



^L 



.4-iA.L>JI CjLcj-l(JI 2_. ^jVI ^Tl>. Ajiielu-uJ (JIj^J V C-X-U-oJI I JuJ c 4-iAL?>JI icj^_aJlj ^j-^LuJIj pjL_ulJI I|_ 

. 4_JL*JI 



_ rA - 






J^ 



n \ 




^-3jj£ll J2j 







.3 Jl^IJ iJu_u ^_ (j^_<_opJl (j^J (JLl^J J I 4_Li2j ( TY ) (J^aul/ 



: ( Helical gear ) SiSU (jLi^L <j-</j>j ~ Y 



4-LlSIuI oLl^=3jJU ^_ L^JLu *j i i « ^ 1 1 CjLl^djJLi £— iJbLa (jLu_uU (jajj^pJI a|Jl5cIu_ui ^Uj La LJlcj 



_ n _ 
















l3J 



• / 1 >-JI- 



JlLl^. 



(^ 



-^ 






. / <VL<-LLt_J I < \\ <■ * « ' " - 



»J_CU 



** . * 






- ) 



^CjjalSl jl^C JjJJ^ 



_kil] 



^ji^i] 




CJLC^)jaiil (jj^iua 4_a1c 



jj]| ^L (^ ^"A 3jL 



.^jUJI oLcj^-JI JjjlIl^ ^ u> ( YY ) J^aui 






- r 



» _ 






J^ 



n \ 




^-3jj£ll J2j 



uLS>a j uLSjJw 



iC-U (JjLo *^'" 






(yA? U^j) lU^ 



(J^AaIi Jj-<iC- 




cii±2». AAiaJ 



1 1 LiS jj 4-aJaLa 



£ U|^ C-LLL1J 



.(JijJll j>*£.) SjbVI j>**J iit*XI *l>».Vl (Y£) J^=ui 







Jij-$jlJ| CjLj^^3lI <LflllseJLl ^.Ij^VI Tz-L&jj (Yl) ^j3j J^-n utJlj ^l<±-UjJI Jj-$jlJ| ^^^ J-aL^ta ^^^ic dJjj5eIu 
0JL&J 4 2 J tfu *J (J^3 J 4_^L>J| ^CIjIlSi CjiJl^J (Jj-iIl*J 5JLv. ^_ 2 I 4_Cj,Lg.U JJL J^J^ ^J • .^lo-UjJI 



- n . 
















-^d^all (JjluuiJjl 4_aLa. 



£- 



,_J| n >> i ii I fj jv-n. ^ 



(^) cij j ^^ / ^ -~z. 







k^n\ 



O^J" 









.j^o^jJ! jj^IJ JLillaJll *l>>.Vl (W) ^j J^.t,1l 



(YV) ^$J J^"~" u ulj <Li^ILuijq ^JLu-uLj (JJ^-**J »-^ 3jLCj4 ic wuiJi jLjIo*! 4-^3j_tI< 4 La < nl^J ^j-upJI J^Jj^jJ J^Jj^Ia 



<LLaJL>u) 4-c >^_uJi /v«>2 Jj) <>r Tc-tis oj 



AjalaJI <kjauu]l cJ^J^ 



^J J (JxLi>jQ 




4jqK 1) -4Aljjdju]l (^JJJJ ^^ao 



A-Lfl.L>JI 4-Cj-l<jJ I 0-"J^ Jj^r (YV) ^j9j J^auui 



- rr - 









uLS>a j ulijjw 




x Gear Box Bearings. Jj^sI] 



er^ 



- r 



4 6^-LI^3 i_olj_La_<_ul (JjJwjj CjLjj^=3 (J-dLstrt ^j^. <J-^>iJ 3 J fl T j| CjLjL^J .(^A) ^j9j J^"" 1 <5JLj (J^ 3 J~^ ^ ^ ^~" > 



r - ? " i~,JVI J~"JI 




iLtj^JI 3jjilu= 4. Sju^Vl <^k. <>UJU ^Lbjl (YA) ^j J 



£*£ 



<_u 



(Y<\ ) J^auUL U^=» ^jUJI oLij^JI ^jJlI^iJ ^-i-tuSjJl jj-^til ^k. <>»l>i]l ol jl^j i.A^j 






. rr . 













(7Z2 7JZZZZZZZZZZZ; 



>3ZZZZZZZZZZZZZZZZ ZZZZZZZ 4 




jUX 



_ujJi Jj-^jt]i (j^ic ^cljJlJl 3Jl>^j ui^jjj 4j<?j^— > (Y^) J^-n Ml 



^_jjol^iSl <ai^. ^xil \ajI AjL^. 



S u-aij (_^Axi 




^ol VajI 4qw 



6 Jjuall (_j2i-Lc 



•J*- 3 



6 U-a 



>> 



11 j3^Ls 



(^Ij^JI) o-^ljJLl 3 jt^j i^j^^xj (V * ) J^ui 



(3J j cjUI 



^al \-aJI 4-fi^- 



Axil \aj! a V^ai /Op_La 




,<>JjJtl s ju»j 2_ Lgj ^iJKJl cJjjjUUIj ^ill oL2b» t^^Ul (V ^ )J^-, ,t, 



. ft . 













jj^aJI er^ 1 Zj$^>II o-"i>^' u^hj .( 3 - j - JI l C lJI i*5ta o3^=^ NJJ^' ->>^- J^ c^uuSjJI jj-^JI ^^ *!><-u 






.( JujL>.|) Jjlj^ ^ La < a] &J /_ l(jl-UjJ ) Ja^JUU 4jLl^Lc ^jj^nJ ^jj-caJU 4.lL>» /_ lo-UjJ I J>a_$jul /J I 






>J| ^ M^=3 JJJ>J ^ 



^Jjj Lq^jaju (j^lc < jr La jj^seJl I ^iaJL^Jl ^j-l^c LiaJLLgaJ CjLCj^^-ujI j^u-ljiIu ^J-llu-^lu I Ju dJb^o JlulS .((j-^jj^ 

JS^IjJI ^o J^LcVI *-Ltl c— )l gJL>» ju>*jjj 'o-^jj^l 3jl>^jJ 1 j^j^^- > L$u_uj t^-^j^ (^Y) ^j9j (J^a-tiJIj 

^- La < all (jr^C- Ja^L>iJ ^Iajjj5tXI J^—^ uJI Ij-Aj 4 i^uiuu -iljJll ^j-upJu ^-^L>iJI ( Olj <^—> 1 1 J^aul/ 



jI^aII ^jjjI 




l^lc-J jLLo <aii. 



a]jU o^lill ^u^f 



(Jlill) 2-1X1 oUi^j ^^Ul &* J^ ^ iiSU ^IS o^-^ ( rY > J^ A 



- To _ 



















eJs— <-^lLLa ^_ ( J_$ju V 



(3d- 



■LU.+-L 



ia_Jo) (JQ^~- * UJJ) * U2 9 ^_ 4-J>.jL>J| 



(3d- 



■LU.t-1 



4_lL>. ^jj_^3LJ jl_lJ>iJI 



.(V£)j (TV) ^Sj J^-> jJL c>_u3 j-a U-^3 ^jjjojc ^^ \js>» LjIjjj 4jjIUU ic.j^_JI 



^jjal^Ail Ajla. 



(jjlc.) Jt_La 4flU 



((jjio) *_La 4qW 



jl*L&ji (Jjuj^S 




^al^dil 6 




jIAaJI (_>jj^jI 



>^ 



jLjj>JI f-*-^J ^- (J-^'J-i' 3 Jt3*jJ ^hjh>J C^-^J ( ' ' ) u^~"* > tlu 



Jaj vi_ajl -w U > ■' juj^V' A^ ajjli lijij 



SjbVl Jj-aC 




t^HJ^ ^j^*ll 




aAJ\ jUJ 



t^j 



(i_iLjjj5eJLl 4_JL>J0 J^ljlll icj-^j>JL -^Lp^' t^3 (^^) J^"^ "' 



- n - 













4 (TO) ^-^j (J^3 uJu I ^=s LiJL^nIL>»| 3^jS L^JLuj ^j-tuo^G^ 4_jia jjj?e_t 1 *»- La < nVI £)! jjfc ^oijIlSi Jul&j 



rt ^ uxJI 0L>iJU (^■LluAjJI Ju) 4X,uaJI jLjIo*! 4^z3Q_co 4_La_<_ul aJ 4_l>*jL>J| ^LLtLtTu I 4_lL>» ciJb^>iJ ^_ ^. JujI Jllc 
j-l-C- 4_ujlIj 4-Cj-l(jj ) (jujjJ3 dajj^se-l LJJi ^jlL>. it I *»■ La t u /_ .Ic ^yaijJlji ^ fli>. ilaJLjL^ /_ -lc J^_L_t!uJtI<Ji 4_ ll>» J-^JU 

oIjjjlJI 4- di\ f=*^VI Jjtij oTj^JI £>A? u^ J! ^-j^t (3 j A +" ^LlI ^l^ ^IjjiJI (iajj^) jjVj^ 

.4juLXI 0\JlL>Ji 4_La_<_ul^J J^ufuiuJ I 4-lL>. *j£1 jij^^L-ul (*-Lc) 4j9lcI &~ljij <L±2j$\^j}\ icj^^-uJl ^j aAij 
dajLjJaJi oJLj^jj J^j-ioajj 1 4_lI>. 4_juaj ^cIjJIjI ^_l<jl>. O'JJ-^ ' ^ ^alLx. * 1 CjjJu>* 4_j?l_uj ^jj_^njj < ^ "*" ' ' 



^JjO)^"' ^-f^r*" 



UA (JU^ajl 



(^J-Ol^ll) 6 



((Jlifl) 2-iJ 4sk 




J^ 3 



.^y3ljJLl 3jt^*jJ ^j_rtljlul ^JL^j^jO 4j|Ju *_A-bjJ < jr Ia_LLaj>iJ (3-<-uj (TO) J^a-tli 



- rv - 













^3-LLU.tTuj ^L^J ^-^J ♦ Ljju 



4_lL>. (3^3-^ (jju-it^tl 4_lL>. (j^ic (i^3^>Ji ^_ Cj Lc j^-uJ 1 J-4-*^ 4jl3ij) 3^ 



Lujju. 



"G v-^Ili-u ' 



'J-^ ^H u Jl>* 



*»- La ml (^_ J ^jajuc^G_JI 3j1_JjJ 4-_ujL>iJ| 4_^3j*j>iJ| ^j_ C ^yalj^jJI rt < ay. < d dJ < L^jlSJij 4_t^jL>iJl 3^ 



t_<-LLt_L 



^LjiJ (4— ujlJLI 4.Cj^uJi)4 ^— >j^j>Ji (J-"jG (^^-ic Jj^jJLl ^jJ-l(jlI> I 3 J LaJ) ^jLLt-ul *_a L&JljJL^I 3-^*^ L^"^* (343^J 
3-£>i^ (j-C ^j-^3l!j 4_jla jjj5cJL 1 *»- La t ax) (j^-s ljJI ^aIL>»VI 3-£>^ (J-^ (J-"^ ^ ^"V ^ ^ J ***''" ciJuj-jj .3^-^^Ji 
.( V v) (^-^J J^"""* 1 " .4-^j-tJjJ ^YjJs^jJs (JJ-i /— lu-UjJ I J>a_$JtJL3 ^j_aijIui ^-l(jL^»j 3^-^-*-^' 4-<-L>^ ^ * ' " * \ (jL(-<_u Jl 



^)-g) \-aj) Ajiak 



(^jliU) £J-1I Aik 







.^j_rtljjj oJu>*jj 3^-^-*-^' r**-^- 1 ! f-^J-^ ^hjn>J (^-"J ( ' W u^~"* > '"' 



-TA - 













Shift Forks j^Ulul^ 



.(jajj^p-Jl Jfrj-iuAJJ ^oIjJIjI 3 Jlj^j c--(-l>. dJLj^tlu CjLCj*. 



,<-.,u t J} 9 JlJLlo ^_ ^-t-Lu-trJ ! Cj l=3 9—cu aJl^ILluj 



.iiij^JI jLj^-V oL^Djui oMi .^j <J| juaVl j;Ll>o yjVl oU_<A*lJl ^i oLij^JI 

C-l-ujj .c--(-L>Jl JJmJ (^j^j^c (j^i^- < ; < ^""^H J ^J"-^VI ^j-a ^jLal LJ (j^^nj ^J-jAjuJ I CjL^sj-Jo rt m aj 



j^ 



£-r a£^ 




^JflSaJI 4£_^ 



.^J-COiuJl L-) 1^3 j-iuj 3 JL^-cI <-_4_JJj»J (TV )J^"~" UJ 



-1M - 













(3i 



LLU-t-U 



JL*£-1 



— (jjb) i_UjLJU3 3j^=3 -ij-4-C <J^3 pLiDjI (^^i^- J^JMJ 3X3^' ^^"^-l <J7^" J 4"^^' ^^J-^l Lllj^tluj 

(TA) ^J9j J^"" 1 uJlj (J^ J~^ ' ^^"^ < 4j| jj ^_J CjLcj^_a]| J^JJlLl^ ^_ (J^sLfu-dJ Ijlj-L^ 1 I.I.LLUJ L^4 Jt^*lj 



Xr\) 



3 



jl±JI 



^-^aj 





ji^yi ^ j 






L* 



luitJj! 



t^J 




ySi^i) ASiyZi '"^ Ar^ q<rv* 






4_Cj*u_uJl jLjIo*! 4_^=3J_tI/ Clc-LpJ CJ Lc JjQSZA (TA) (J^3 '" 




JUaJl « *^j 



j» t; i 



Jl^Ij c2xj9j ^_ (j^-uujH ^jluuxI *-j\ AJiitIu_m 2 j ^n 1 1 j ^jojI j^-iJI ALkaj (T^) J^i u* 



. t 



» _ 









uLS>a j ulijjw 




. XjSVjjVI oLljJI JjjLl^ - 1 






Jtil ^Ij3 










JJjautiJ) AS^JJJ 



jB JjAflJl 



<C-^)jaJI JjiCr ajl^l 



4jfilajl A^^xA\ (JjjjP 



.^VpVI ol^j^JI ^jjil^ ( i ♦ ) J^ul 



_ M _ 



















.SjljVI J>j-*£. - ^ 



•<jr 



.<-a 



Aji\ jj^ji - r 



^jl_3 4^L>iJ VI £— L_uL^=3UUl CjjL>iJ i_U_uj3 4JLufuJU Q^=2 £)| L4J J .^LO-UjJI J>J-$JtJl ^Jl ( J^J-COiuJ I L- CL(jL>. ) 

.3jb)M Jj-^L obi J *W^' 4- JJ^ erWlP' ^>^l o^-^-^ UprJ-^P up%^ 



jLl>J 



j-^j : Vjf 







.^Vjjtfl oLlj^JI J^jjiL^J jLpJI £_^j (n ) J^ui 



- it - 









uLS>a j ulijjw 







j^qjtJI ^ (I) jJjJJLI o^l cdj^ Ujjju ^itlj (JMjJO oLij^JI jLj^I i^=j-i liJj^Ij ^ 



.se_<j / <VL<-u-t_L 



(j)^\ 4X.j-*-aJI oJufc 4_j .<jl Jj^aJI J>J-*£. Jl i^ju>JI oJufc >LS1-J Ly xxUJjJI Jj^jlJI JjJ^ -*jl>* (3d>^ 6^- 

J^""" uxJU (J^-J-d J-A I ^^3 (c_J 4 I) (^_<_upj| (J^_) s&J 






"N 




JjVl ^>J 



.^SVpVI oU.j_.JI JjjlL^ JjVl ^.j^JI (£Y) J^r„ 









Jj-$jlJ1 i^£- (z) <jM>^ (J-'iP-^ ^J J> ^ ^JJ^i Lp-^J ((JM*Ji) CjLcj^_o]| jLjIiwI 4^=dj-uj dJjj5e_(j ^LLu-t-t 



- tr - 









uLS>a j ulijjw 




if 

^$j^\ ^JL^j^jOJ (^I< (. i^yu) (J\jq-*\j>j\ ^jlujjCu \ ^_<_oj3 JlIc icj^^-uJi ^_ ^ia-mitlu| CjJl>iJ 4_uQjI 4-Cj^^-uJI ^Jufc ^_j 

J^"" 1 uxjLj (J^p3 J-& I q.^3 ( J c -r) (J\jujjjj \ (j\J s£a 4-Cj.lo.U ^Ja-jAJtlul ^y3 



V 



a- 



I0PCGVQ 



A 



£ 



i ! i i'i'i 



PT^T 




^-ij1j]| ^^jotl! 



.^v^vi oi^j^Ji ^jjli^j ^imi ^.j^ji (ir) j ^ a 



UI!lJI icj^aJI *-*-oj : LajIj 



JU <jJjj*J>iJ Jllc C^SjJ^JJl ^j-u^pJl JS|jjLU^> ^_ ijJLjJl icj^^-uJl f-t-^J TC-L^JJ (££) ^J$J J^3luIi 



Jj^jlSI (j^ic- \-&) <jM>^ LytJ^^ ^J J> ^ ^JJ^ (jr^J ((JM*Jl) CjLcj^-oJI jLjlliwI i^sjuli L±!j^?eI<J £jl 



-2C_<J / <VL<-LLt_L 



.J^-n uxJU C^-J-A J-A 1 <>^i (j4_a) (^_<_<^pj| (J^_) S&J 4-CJ-L(jLU ^j^J^V^ll ^>3 (^J^l 4-L^J^jOJ (^jI< 4 ^joj) (J^-4-il Jul 



- it . 













/" 



O* 



■> 




33i\sii *^^ji 



.^Vj^VI ol^j^JI ^jjlI^J Jilli]) ^j^JI (££) J ^ A 






Ju dhj^o JlI^. c^SVj.jVi ^j-u^pJl JjijJlLl^ 4r ^V'J^' ^J-^' £-^3 7*-^^ (^^) (*\) U^"""*' '" 



Jj-^jt]| (j^ic- (-^) <jM>^ (J-'iP-^ ^J*^ ^JJ^ 1 (jr^J ((J^iJO CjLcj^-oJI jLjIoJ i^3j_tl< dJj^5eI(j J^i 



-2t_U / &JLUXJU. 






r 



^ 




^^) fcjpl J .Qj) A^^)_tuAjl 



V^ 



.^VpVI oLzj^JI ^jjlL^J BjJlUI ^j^JI (io) J^ A 



_ i© _ 









uLS>a j ulijjw 







(^^) da_u_ujJI ^j-u^UjI ciJb^5eI(J Aj_dlu <Ll^JL>U1 <Lc.j-ujj\ *uu3&jQ /JJ CjLCj^^-uJI jLjIo*! 4^zja_cu LiJ^eltJ J^-uHulI 
^jljjJi] <j a£=z >Ljl1I ^L>o VI ^_ ^^cu-UjJ I Jj-^JtJl jjju^ -*j|>^ (3£>^ O^- (j? Ui< »l\P' Jj-qjlII *_a J < *ajj ^£jJlj 



/^ 




O* 



3 ; SUH ^^J1 



w* 




u^ 



.^VpVI CjLcj^JI J^jJn^t A-tnJL>J I icj^JI (£1) J^zaui 



- M - 













. (3^-Lu.trJt 4-*j|j CjLCj^u-aJt (JjjLll^ ~ Y 



.i-jjSjj^JJl CjLCj^^-aJl (jjjLa^ ^_ 4^-L^J-caXI ^j-u^pJI aJl5cIu_uJ L^JLu J^ufoAjJ I 4_^JlJ Cj LC j^-uJ I (jjjLa^ 



4 J j 1 La 1 , 1 icj^^-uJl 4.lluJ ( jr Lajt_LJ ( jr J_a_ujJI Jj-sjuu jQieJLl ^upJl (J^lluaj ^Uj I Juj ^JjLSJLi ^upJl 



JjVl ^£->-il cHJJ 



csuji j\ 



^^j\ ±j**$ 



4jJujI A£-_jjjJI Q*jfi 



S^jjjLiajI A£.^jjJ1 <_>^^)J 



ajbVI ^j^c- 




^jIjJI j-LiSiitTtll Cili oLlj^JI ^jjlI^iJ aL^ (£V) Ji=ui 



- tv - 













.(lA) ^J9j J^-n MftL (J^-UZ J_& 1 o^-i ^olj3 ^jIjJl^j Ju>*jjj 
^j-u^pJI (j <^—\ tj c^JjwJlJLi J>J-4-C JJJlj LaJu£. dJjj^Iij ^j-u^pJI (J^3 ^J-iAjuJI *uiJ ^j-u^pJI ^jJlJLl^ ^_j 



^J^ ^-2-u2ul1jI (^J-C- vJJ ^3-seJJ 






^1 ^jj 



jiai j jjbu ^k 



JjVi 



J* 1 CH>> 



^cUVi lU^u ^5k 



^iJJJIj (J^XaJI ^jaC- 



£UJ^ ^J^ 







Ar-jjjil! jl^ic. c^J^ 



^ )*- <A\ ^^ac- 



ikli j^Ji^k 



4_iiLaJl 4^_^joiJl ^ujj 



.CjLcj^_u J_jjI (^i ^3^-lu.ClI I ^ulj CjLcj^_u 3j^ ^^ 4-^ilieJLl ^.|jj>- j| (1A) J^-» m« 



_ iA _ 
















^>!^ 4-^j_tiijLlj I /-^ic v J j < *a ^- 1 J (cla_u_uj ^j-uj3) Jji-C /_jI j-L^_<_ul 



* * CiJuji ^jj 



v-) ^k JjVIlhj^ 






(J^Juji Jlj-aC 



JlXall 



O 1 ^ 




^LaLaJI (J^JJJ AjI^ 



^JjLflLiJI Q)i u 



iLCj^_u ^j.tjL^rw jj 3-jAjuJ I ^ulJ CjLCj^_u (jijj \ts>\ aJAj&zW ^Ijj>-2 1 (1^) (J^"i '"' 



- t<\ . 









uLS>a j ulijjw 




jU>J| 






1^1 



£-^J 




.jLpJI j_^j (o*) J^ui 



^j-ujJj *_o jlj.oILt.uLj (j-Lu.t-1 1 j 4_jj1_£j ^_ ^j-upJl ^Jl ^_j (JjwJlJU Jj of J J dJj^>JU ^j_o J t^aj 4_^3j^>J| *_t-bjJI 






_ 



* _ 









uLS>a j ulijjw 




jji\ %^i 




. JjVl JAuSuLllly^jCO^) J^l.t 



5_uQj| 2 * ■ ■ i :.»"tl 



£^=J 



IJL-A ^— J 4 ^j-1-LU.tru I ^_JlJ ^yjJ^J-J) ^jJU-L^J 4-LloIjLj 4_oQj| ^ ^J UiiUJl *-*-^J 7c_i-baJ (OT) (^9j J^""** uJl 




i_uQJl 4 ^j cojlLH f-*-^J \^Y) J^"" 1 lL 



- 0^ - 









uLS>a j ulijjw 







t^J 






3M AJi^l 




.anal ^Luf^ui ^j (or) j^-, a 


























4JU 1 jJ I ^uLufaJLi] I Juuaj ( i ) J^3ul/ 



^_j c ^-LLu-tTu ) ^_ilJ ^jaj^Iui JS)^ LLuaJ 4_u_ai!u 4_*_u_dL>Jl A ^j uajlIjI *-*-^J ?c_i-baJ (OV) (d9j cJ^ 3 ^ 



- ©r - 









uLS>a j ulijjw 




£) I (^1 4-C.j^^-uJl (3^^ ^ ^J caJLLjU ( jr $-<_uJ Lo (^| ( 1 ) ^j_4 Jj9| q^jLAJclJJ) 4.lluJ ^jj^aJ 4 ^j uxJUJl 0jL& ^_J 






4 uixLaJI AJijauUjI 




.4.LU.dL>Jl ^ ^J iujlLjI *-*-^J (0 0) J^=3LuI/ 



4 irtl^tl 4 ft ( mi +" 1 1 



t^J 






.^4^_u 



>f 



LLOJ 



- Oi - 










2 likJI jqiui/i\l 



**>! A ** L '""*" f-^3 (^ W J^""^ '" 







_ 00 _ 













V^wi 



t^Ju La 4-ujjJlLji 3jt3*jJl 0JlJ Lu-t-uijJ ^j_d ^aJbtj t a ) 
:^JLul ^jjJLdJLJ ^j-u^pJl ^_ ^ia-iAitlul 4-lluJ L-J LctO» ^j^3ua_> - 



i = 



N, Z x 



N, Z 



2 



J$[2l\ (jay^l i)\2j\ JJlC = Zl 



j^UJl a ^pj| oUJ jJl^ = Nl o^ ^~!r 



j&\21\ (jujpJI <jLLu,? -iJ^ = Z2 . ALU! (jajpJI cjLH jjlc = N2 



(P) ^_yujjl\ »j'^'^- (_)-u-^-l L*jJ QJ'^~'_' (J' ^J2l I 1J'^»«J *_a (j"*-"-u^J l 3j- t -"- t -" 



4_lIL1II (j-U1j-2JLs C)Le.j i ntl (jjjLLco ^_ ^J^J^*-"'" <- i i n I i_)l i n -w (j-^= 1 ' 



7 7 

_ ^ 2 * ^ 4 

l " Z x Z 3 


! ( 1 ) , tjVl aV j < ii\\ ,j>» i*~*. \ 2 i , tt \ 


7 7 

- * 6 

.Z /7W r^ r^ 

Z j z 5 


-. ( / ) 2 i\\"\\ 2^j , .A) ^j>» «A^.~ a « / ti \ 


_ ^ 2 * ^ 8 

z 1 z 7 


! ( i ) a~U~t| ^Vj. "< tl ,j>» «^-*. * a « - #i i 


/ =1*1 


th 
? (4- ) a ♦ Mj-t) ^Vj. "<tl <j>» «^-*. * a « / n\ 



. o>\ . 







. J^Jj^iaJl CJUj-t-CO 4_Ajl_^0 4 J ^3 > 1 1 JlcL_uJ _ V 



.( Spur gear ) ^U-lSI^ jLl^L o-^jj^ - ^ 
. ( Helical gear ) ilSL* jLl^L o-^lp - Y 






.J^j-iuiuJI 4_^jiJl!i CjlCj^ujM ^JjJLlco ~ Y 



- ©V - 







n ♦i^4i*t 



j^tffldJb^l^uLujOJ 



♦♦ j* < ♦♦ ♦ 



O^j^jbjLu^l 






.( ) n! %/t I ^^upJI d)l_aJ JJLC ^.l^. JtjLdJI ( j-upJI CjLflJ JJLC ^jL_uJ (jajJ^pJI 2_ (jJa-jAJttlLlI 4_U_aJ 



. ( ) 1 ^ tiajt ) *_a A a uu • I , ' ^joj^Iuj ^j-u^Uji *jk^ ^jL_uj <>j>j iv LgaJu (j-^J 

.( ) 4_l!1_*jM Ajj^dtil J-^j^oj BjIjVI ^jJl^j 4JL5LX1 (j-u_£pJ1 ^jLu_oi jLi^j 



r 



1 

V 
A 



AjutJlj 4-Cj^_aJI (j^J 4j9^L*JI £y£. ^JL^zaJ / Y^ 



L^LlO-AI ?C_U-b AJ *_d ^yusIUj 6 Q^^- C_3>C /TqjU 



CjVcju-tA) JS|JJlu^> cJijLIoj JJlc / tj^yu 



Cjlcj-LiJI (jjJllcO Cj1_JJ^3uC JJLC / Oqjj 



iL^jjJLI 2_ 4^JlittJ-caXI CjLcj^_JI (JJjLIl^ S-I^j! j^zsjf /^(j-u 



(j-UutJLlj I ^_J| Jul CjLCj^^-uJI J5|jjLU^> (J-4-C 4-SjjJsS ^-j^ul/l /V^juj 



_ ©A _ 













Zl = 16, 
Z4 = 40 , 



Z2 = 25 , 
Z5 = 21 . 



Z3 = 19 
Z6 = 28 






t^iui Jjji^ii 4. ^^lui pxti\ jl^j! (c_» 



J 


£ 


* 


I 


od^^ 1 


Y« 


1Y 


9 


YY 


Zl 


11 


ro 


W 


$ 


Z2 


5 


01- 


V- 


)0" 


Nl(r.p.m) 


no- 


$ 


U-- 


XX ' 


N2(r.p.m) 



- M - 






J^ 



n \ 



^-3jj£ll J2j 



£21 




n ♦i^4i** 



2buLQI 3J^>JI ^ ^UUa ubJ^dJ 



:l£Jj! t^^M ^ < ,"^— .ij j^uIieJH I|_ i_jJLl!| ijj^stlJI JjlAjlu a£ ♦♦♦ 



.To £>iJ1 ^Jjcj Tij^jJI ^jjc ^ ia^Ull jL>o! 









i 



R 



T 




©c 



//// 



«4 



Gear to apparatus 



R = 40 mm 



u 




tf 



a 



ji?0 



_ \ 



» _ 
















.CjLCj^-aJi JSijJiL^aj iL-^jJLl r-j^iiJi Jij-^jlJIj JjwJlJi Jij^jlJI ^j \ "x- c (j^ic VLSjI c_jjJllIi f tiaj ~ Y 

4_L?cjlJi ^j-C LAJlju ^jj_^3lJ <^_p* 4_lj^la o <j La ui^c 4_La_<_ul^J (JLdJ^lJ (jlj^-3 V I 4_JUju C-JLLaJI f*J-^2J _ V 

^j 4_ Mi* !juj (jlj^VI Ujuii ^ ^lil Ltpl^tJI er^ S j^^JLI oUjjJIj JL^Vl c_JLLaJI J^uj - £ 

.(V) Jjji^il 4- <ti* IP ck 6 ^ i^>j^^ 



- 



.JjJl^ 4_Cj^_u J^-^t ♦ tiaj ^^p* < Cj Lc,j.l<J I ^J-^* Lr^- *"- ^ J ^ ^ ^ 



: JjJu>JI oLlajua J>Liw £y> ^JtUI ^UJI jJa^ ajjJI jUoVj 



2} = m..g.r 
g = 10(m/s ) 



iL^jJlSLj r>>^l 5JL?ex. aj^Ij :0O 



:<jl^ 



(fv*^=) jrj^Ji an^-, :mo 



(pJLI) (^IjJJI) Jja*!! j^3>«J SjSJI^utj cru iiU! :R 



- \\ - 









uLS>a j ulijjw 




£jj*J! 31-^-, mo 


^s-a-' :1 -i ^ * * 


rfl^r^ Y* * 


*-s-^-i V' • 


<T^-il ' ' 


^l^lj 00 










J^jj! ih-s-i mi 










J^jJ! iylj 0i 










^UJI f >J! To 










JiljJI f>]| Ti 











.cGLki^^La Jjsc_<_uJ^ CjLcj^^-uJi J^"-" 1 ?7jL>Jij ^p^l Jl!i Aj^tJi c^-J ^Jbe-Lc c-JLLaJI ^_<_u^j 



77 



To 



- M . 









uLS>a j ulijjw 




uU^A* 



- nr - 




w 



it LU 







.«>,in1|) lliii]i'illi].«vifill pilnill nnlnll niiiiiif ||)ll 



^ - Sjdill J2j 



A-uL^JJl BjljVI kc&jQSZjti 




\**v 



J*^ 



%^&>3*~* 



^1^x11 3)te)M%fj4fc* ^-3jJ£1IJ2j uL£>4juL£jJb4 




.L^JUx. 4-jjjlsj *!>^'J SjljVI icj-$J?e^ ^^ <-3jjl1JI tSjlJL^I 



:£U*Vl 



: ^^1^ Ij^lS c_jjJllII (JLP^J 3 JljwjJI oJufc Jl o^t Ju£- 



4-uL^lll ojljVI icjjsta ^i^. ijJLill CjLjLl(jl>JI O^*-* ^Ij^' i^ V*^o - ' 



/AO 4-llujU 3ji Jl>Ji 0Jl& (jL^J ^Jl c_jjJl11i (J-<-^J £)| 



,UlUu 1 ♦ :U^J211 g^liS^I 









- ti - 






J^ 



n i 



^-3>Jui)l J2j 



uUSjudjul^jjM 




ttL^I?jb¥lfe>»tt 



- :^o (oV)J^Lui 4_ U^ ^LuL^UI SjbVI i^j.^^ uj^""j 
. i-JL^UI oM^^Jlj ((jljj^tl jij-^x.) BjIjVI j>4^ - ' 

.((J-oJj^jJI ) i-J^AJI L yuJ)jZl\ JiJJlIl^ - * 




^LuL^UI SjbVI iiij-^^ £^jj (oV)J^ui 



_ ^ _ 






J^ 



n i 



^-3>Jui)l J2j 



uUSjudjul^jjM 




(j-A ojljVI Jj <jf *J_j-^jj 4 (OA) J^— t!u 2_ I ^^— i_jj3j^i]| (jujj^pJI 4_Cj-^?c^ (J\ CjLcj^_u 



<3J' 



JU—LO 







Qbj^-itl jj-^i (oA) J^-im> 



I ^3 (o<V) J^a gJ| A \ ^ 4-J^ j! 4-y\} cjIj^JlLj ^ 



■L<.a c 









jlj^ *J-> 



jlja i^lLwi 




Jj-^U AJjIjJI ii=j^JI £^JJ (O^J^ *. 



_ *n _ 






J^ 



n i 



^-3>JuLfl J_j 



£Ltf 




4 jj Q^ ^.1— (Jl L-. LCJ-L(jlJ 1 ^— J^t-L-tTu) L-.r_l_i_i.Lj LJ (j__.j__ii_-J (^-i\ 4_U3jLJ__Jl (^ J__J I J J_^JU 1 J-^J^Tij £)| C_-_>iJJ 

JJLoj ^,-Tl-v ^L_=___c 21 jJ--- lj^-x____ 3jl_ 2 I jj <jf ^j___aj _jl *u_s_j___-Il1 I JlIc ^--Cij^ _)l ^-^^ 1 3_-=- 4 J^l-ua 
p <a L--J 4JujJ_> ^-_ilL>iJl jj_>J>ij l-L-.j-.l-J1 J^jJlLlo _j__j 4-_Ll(-U C__jL_=_ l_l Lai c 4_jijj_ ^LDI 4_ijij_L-bi _ya 

.(10 



^-p 






lu-j J*-* 



>i Sjbj 



J-pJ M~=~~t | 



A^jjt iU?j 








: l_^i__ j-ujuj tlK (jljjJ-tl 4-Cj-cuJ 4j^.j_>_tl 

« . = 0.7 x n 



4A)\L* *L) 




Mall 



.7 



— ■ s, - i,r tilM 




max 



1 

.rpm o\jjjJ\ i^juuJ i^>>JI Uj-UI=Nk 

.m ^bj___aj| jj-^__ j^i_ =1 

.cm c^j-iJI ji_-_il=D 

.cm ___*.! jJ! _ > __ui=d 

.Ncm obj-^ 1 fi-- 1 (-gj^^tl Uj_UI=Mtaii 
.N/cm2 ^jhm.11 l-JJI _.L^l=.xtaii 

.cm jIjl>ji ciJU^ =S 



n„ = 






V [V I cP 



- tV - 






J^ 



n i 



^-3>Jui)l J2j 



uUSjudjul^jjM 




t^ljj^aJI -*>^ cr^" lij^ (jA" ^JAJI CjLjL_oj>JI O^-*^ 



Sj^qjJI obj^ ^j^J i^j^J! u^il e^l^ 50mm ^jLJkJI ^ji^>j <46mm e^jl^il 



nk=8288 rpm 



:J-]I 



- t (J- L ^^ l H ^^tj^a) 3jt jVI Jj-*£. J^abta 






U^J *^ J ^J JljS dJJjJ 4j?c_ujj i-LL^LLaJLi c--cL>J) 4-La_<_ui^j (J_L$j?eIiJl ^juAj^=2 \ $ « gaj ^ J 3jiJ 21 Jij <;r L$jJl>iJ <jP-!i 







(J-L^JStlJl ^JLUJ^=2 \\ \ )J^1 '"' 



_ 1A _ 






J^ 



n i 



^-3>Jui)l J2j 



uUSjudjul^jjM 
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